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Description 

[0001] This invention relates to an ink jet printing process for improving the light stability of an ink jet image formed 
from an aqueous ink containing a certain cationic dye. 

5. [0002] Ink jet printing is a non-impact method for producing images by the deposition of ink droplets in a pixel-by- 
pixel manner to an image-recording element in response to digital signals. There are various methods which may be 
utilized to control the deposition of ink droplets on the image-recording element to yield the desired image. In one 
process, known as continuous ink jet, a continuous stream of droplets is charged and deflected in an imagewise manner 
onto the surface of the image-recording element, while unimaged droplets are caught and returned to an ink sump. In 

10 another process, known as drop-on-demand ink jet, individual ink droplets are projected as needed onto the image- 
recording element to form the desired image. Common methods of controlling the projection of ink droplets in drop- 
on-demand printing include piezoelectric transducers and thermal bubble formation. Ink jet printers have found broad 
applications across markets ranging from industrial labeling to short run printing to desktop document and pictorial 
imaging. 

15 [0003] The inks used in the various ink jet printers can be classified as either dye-based or pigment-based. A dye is 
a colorant which is molecularly dispersed or solvated by a carrier medium. The carrier medium can be a liquid or a 
solid at room temperature. A commonly used carrier medium is water or a mixture of water and organic co-solvents. 
Each individual dye molecule is surrounded by molecules of the carrier medium. In dye-based inks, no particles are 
observable under the microscope. Although there have been many recent advances in the art of dye-based ink jet 

20 inks, such inks still suffer from deficiencies such as low optical densities on plain paper and poor light-fastness. When 
water is used as the carrier medium, such inks also generally suffer from poor water-fastness. 

[0004] JP 10-219157 relates to an ink jet ink comprising an aqueous medium, a colorant and a very small amount 
of glutaraldehyde as a biocide. 

[0005] There is a problem with using this ink, however, in that when it is printed on an image-recording element, the 
25 resultant image fades when exposed to light over a period of time, i.e., has poor light stability. 

[0006] It is an object of this invention to provide an ink jet printing process for improving the light stability of an ink 
jet image formed from an aqueous ink containing a deprotonated cationic dye. It is another object of the invention to 
provide an ink jet printing process where the laydown of the hardener applied can be precisely controlled independently 
of ink laydown and can be applied non-imagewise to the entire element. 
30 [0007] These and other objects are achieved in accordance with the present invention which comprises an ink jet 
printing process for improving the lightstability of an ink jet image comprising: 



a) providing an ink jet recording element comprising a support having thereon an image-recording layer comprising 
a cross-linkable polymer of gelatin or acetoacetylated polyvinyl alcohol) and a mordant; 
35 b) applying liquid ink droplets of a dye on the image-recording layer in an image-wise manner, the dye being a 

water-soluble deprotonated cationic dye which is capable of being reprotonated to a cationic dye having a N-H 
group which is part of a conjugated system; and 

c) applying an aqueous solution of a multivalent inorganic salt to the image to cross-link the polymer. 

40 [0008] It was found that when an aqueous solution containing a hardener is applied to a cationic dye-based ink image 
where the image-receiving layer has a cross-linkable polymer and a mordant, that the light stability of the image is 
improved. 

[0009] This process offers an advantage over incorporating a hardener in an ink since the hardener can be applied 
in both imaged and non-imaged areas, and the laydown can be precisely controlled independent of ink laydown. 
45 [0010] The hardeners employed in the invention may be used at concentrations ranging from 0.10 to 5.0 weight 
percent of active ingredient in the aqueous solution, preferably 0.25 to 2.0 weight percent. 

[0011] The aqueous hardener solution may also contain, if desired, co-solvents, humectants, surfactants, and other 
ingredients commonly added to ink jet inks. 

[0012] The multivalent inorganic salt hardener that can be employed in the invention include the following (including 
50 mixtures thereof): sulfates of a trivalent metal such as aluminum sulfate, iron sulfate, boron sulfate, gallium sulfate, 
indium sulfate, titanium sulfate, etc., nitrates of iron, aluminum, zinc, etc. 

[0013] Specific examples of multivalent inorganic salt hardener s useful in the invention include the following: 



Hardener 1 
Hardener 2 
Hardener 3 
Hardener 4 
Hardener 5 



ferric nitrate 
aluminum nitrate 
zinc nitrate 
zinc sulfate 
aluminum sulfate 
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[0014] In a preferred embodiment, the hardener employed in the invention is aluminum sulfate. 
[0015] The aqueous hardener solution may be applied to the ink jet image in accordance with the invention in a non- 
imagewise manner either through a separate thermal or piezoelectric printhead, or by any other method which would 
apply the hardener solution evenly to the image, such as a spray bar or immersing the element in a bath of hardener. 
5 Methods of applying a hardener solution are disclosed in commonly-owned U.S. Patent No. US-B-61 76574 filed May 
22, 1998, entitled "Printing Apparatus With Spray Bar For Improved Durability" ofWenetal. and U.S. Patent No. US-B- 
6254230, filed May 22, 1998, entitled "InkJet Printing Apparatus With Print Head For Improved Image Quality" of Wen 
et al. 

[0016] Deprotonated cationic dyes useful in the invention which are capable of being reprotonated to a cationic dye 
10 having a N-H group which is part of a conjugated system are described in US-A-5, 523,274. -« 

[0017] In a preferred embodiment of the invention.the deprotonated cationic dye employed in the invention and the 
corresponding cationic dye having a N-H group which is part of a conjugated system have the following structures: 



15 



Rl' 



20 



N X= Y Z = N — E 



H @ Jf OH* 



25 



N 



30 



Rl- 



NH R 2 



wherein: 

35 x, Y and 2 form a conjugated link between nitrogen atoms selected from CH, C-alkyl, N, or a combination thereof, 

the conjugated link optionally forming part of an aromatic or heterocyclic ring; 
R represents a substituted or unsubstituted alkyl group from 1 to 10 carbon atoms; 

R 1 and R 2 each individually represents a substituted or unsubstituted phenyl or naphthyl group or a substituted or 
unsubstituted alkyl group from 1 to 10 carbon atoms; and 
n is an integer of from 0 to 11 . 

[0018] The deprotonated cationic dyes according to the above formula are disclosed in US-A-4,880,769, US-A- 
4,137,042 and US-A-5, 559, 076, and in K. Venkataraman ed., The Chemistry of Synthetic Dyes, Vol. IV, p. 161, Aca- 
demic Press, 1971. Specific examples of such dyes include the following (the X max values and color descriptions in 
^5 parentheses refer to the dye in its protonated form): 



50 



55 
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Dye 1 

X max 556 nm (641 nm) 

magenta (cyan) 
US-A-4,880,769 (Dye 1) 




Dye 2 

X max 459 nm (536 nm) 
yellow (magenta) 




Dye 3 

X max 459 nm (522 nm) 
yellow (magenta) 
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Dye 4 

X max 503 run (621 nm) 
red (blue) 




Dye 5 

X max 379 nm (405 nm) 
yellow (yellow) 




Dye 6 

Xmax 47<) nm (513 nm) 
yellou (magenta) 
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Dye 7 
Xmax 485 nra (495) 
yellow (yellow) 




Dye 8 
yellow (magenta) 
US-A-5,559,076 (dye precursor 5) 




Dye 9 
(magenta) 



[0019] The dyes described above may be employed in any amount effective for the intended purpose. In general, 
good results have been obtained when the dye is present in an amount of from 0.05 to 1 .0 g/m 2 , preferably from 0.1 
to 0.5 g/m 2 . Dye mixtures may also be used. 

[0020] A mordant is used in the image-recording element used in the invention to fix the deprotonated cationic dye. 
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For example, there may be used an anionic polymer such as sulfonated and carboxylated polyesters, sulfonated and 
carboxylated acrylates, polyvinyl sulfonic acid), po!y(vinyl styrene sulfonate sodium salt), sulfonated and carboxylated 
polyurethanes, sulfonated polyamides, polyolefinic emulsions, carboxylated butadiene, or derivitized anionic gelatin. 
In a preferred embodiment, the following mordants may be employed in a recording element used in the invention: 

5 

Mordant 1 polyester dispersion AQ29 (Eastman Chemical Co.) 
Mordant 2 polyester dispersion AQ38 (Eastman Chemical Co.) 
Mordant 3 polyester dispersion AQ48 (Eastman Chemical Co.) 
Mordant 4 polyester dispersion AQ55 (Eastman Chemical Co.) 
10 Mordant 5 polyester dispersion AQ1 045(Eastman Chemical Co.) 

Mordant 6 sulfonated polyester EvCote ® EV-LC (EvCo Research Co.) 
Mordant 7 carboxylated polyester EvCote ® EV-565 (EvCo Research Co.) 

[0021] The above mordants may be employed in any amount effective for the intended purpose. In general, good 
15 results are obtained when the mordant is present in an amount of from 0.5 to 5 g/m 2 of element. 

[0022] As noted above, the cross-linkable polymer employed in the invention is gelatin or acetoacetylated polyvinyl 
alcohol). Gelatin which may be used include the conventional lime-processed ossein, acid-processed ossein or pig 
skin gelatin. In addition, there are a variety of chemically-modified gelatins formed by reacting the amino group of lysine 
which can be used. Some functional groups that have been added to gelatin include: phthalate, phenylcarbamyl, suc- 
20 cinyi, carbamyl, lauryl, and dodecenyl succinyl. There can also be used quaternized gel, silanol modified gel, and graft 
copolymers of gel with poly(styrene sulfonate), poly(vinylpyrrolidone), and poly(methacrylic acid). 
[0023] The acetoacetylated polyvinyl alcohol) useful in the invention is described in US-A- 4,350,788. These mate- 
rials are available commercially as Gohsefimer ® Z-200 from Nippon Gohsei. 

[0024] The image-recording layer used in the process of the present invention can also contain various known ad- 
25 ditives, including matting agents such as titanium dioxide, zinc oxide, silica and polymeric beads such as crossltnked 
poly(methyl methacrylate) or polystyrene beads for the purposes of contributing to the non-blocking characteristics 
and to control the smudge resistance thereof; surfactants such as non-ionic, hydrocarbon or fluorocarbon surfactants 
or cationic surfactants, such as quaternary ammonium salts; fluorescent dyes; pH controllers; anti-foaming agents; 
lubricants; preservatives; viscosity modifiers; dye-fixing agents; waterproofing agents; dispersing agents; UV- absorb- 
30 ing agents; mildew-proofing agents; mordants; antistatic agents, anti-oxidants, optical brighteners, and the like. A hard- 
ener may also be added to the ink-receiving layer if desired. 

[0025] Ink jet inks used in the process of the present invention are well-known in the art. The ink compositions used 
in ink jet printing typically are liquid compositions comprising a solvent or carrier liquid, dyes, humectants, organic 
solvents, detergents, thickeners, preservatives, conductivity enhancing agents, anti-kogation agents, drying agents, 

35 defoamers, etc. The solvent or carrier liquid can be solely water or can be water mixed with other water-miscible 
solvents such as polyhydric alcohols. Inks in which organic materials such as polyhydric alcohols are the predominant 
carrier or solvent liquid may also be used. Particularly useful are mixed solvents of water and polyhydric alcohols. 
[0026] A carrier can be present in the ink jet ink and can vary widely, depending on the nature of the ink jet printer 
for which the inks are intended. For printers which use aqueous inks, water, or a mixture of water with miscible organic 

40 co-solvents, is the preferred carrier medium. Co-solvents (0-20 wt. % of the ink) are added to help prevent the ink from 
drying out or crusting in the orifices of the printhead or to help the ink penetrate the receiving substrate. Preferred co- 
solvents for the inks employed in the present invention include glycerol, ethylene glycol, propylene glycol, 2-methyl- 
2,4-pentanediol, and diethylene glycol, and mixtures thereof, at overall concentrations ranging from 5 to 20 wt. % of 
the ink. 

45 [0027] The support for the ink jet recording element used in the invention can be any of those usually used for ink 
jet receivers, such as paper, resin-coated paper, poly(ethylene terephthalate), poly(ethylene naphthalate) and micro- 
porous materials such as poly polyethylene polymer-containing material sold by PPG Industries, Inc., Pittsburgh, Penn- 
sylvania under the trade name of Teslin®, Tyvek ® synthetic paper (DuPont Corp.), and OPPalyte® films (Mobil Chem- 
ical Co.) and other composite films listed in US-A-5,244,861 . 

50 [0028] The support used in the invention may have a thickness of from 50 to 500 ujti, preferably from 75 to 300 u.m. 
Antioxidants, antistatic agents, plasticizers and other known additives may be incorporated into the support, if desired. 
In a preferred embodiment, paper is employed. 

[0029] In order to improve the adhesion of the image-recording layer to the support, the surface of the support may 
be subjected to a corona-discharge-treatment prior to applying the image-recording layer. 
55 [0030] In addition, a subbing layer, such as a layer formed from a halogenated phenol or a partially hydrolyzed vinyl 
chloride-vinyl acetate copolymer can be applied to the surface of the support to increase adhesion of the image re- 
cording layer. If a subbing layer is used, it should have a thickness (i.e., a dry coat thickness) of less than 2|im. 
[0031] The image-recording layer may be present in any amount which is effective for the intended purpose. In 
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general, good results are obtained when it is present in an amount of from 5 to 30 g/m 2 , preferably from 8 to 15 g/m 2 , 
which corresponds to a dry thickness of 5 to 30 um, preferably 8 to 15 [im. 
[0032] The following examples are provided to illustrate the invention. 

5 Example 1 

Control Example C-1 

Preparation of Receiver A 

10 

[0033] A 1 02 jim poly(ethylene terephthalate) film support was coated with a subbing layer of acrylonitrile-vinylidene 
chloride-acrylic acid terpolymer latex (0.11 g/m 2 ). On top of the subbing layer was coated a solvent-absorbing layer of 
lime-processed Ossein photographic gelatin (Eastman Gelatin) (6.05g/m 2 ) Over this layer was coated an ink-receiving 
layer of Mordant 4 (0.77 g/m 2 ), lime-processed Ossein photographic gelatin (2.42 g/m 2 ) and styrene-butadiene poly- 
15 meric beads (0.11 g/m 2 ) having an average size of 10 jim. 

Preparation of Cyan Ink 

[0034] An ink was prepared by dissolving 5 parts by weight cyan dye 1 described above with stirring in a mixture of 
20 60 parts glycerol humectant, 60 parts diethylene glycol humectant, 3 parts of Surfynol ® 465 surfactant, 1 part of 10% 
Proxel ® GXL biocide in water, 8 parts of 85 % tactic acid in water (to protonate the dye) and 860 parts of deionized 
water as the solvent. 

Printing 

25 

[0035] The top of a black ink cartridge of an Epson 200 ink jet printer was opened with a knife. The Epson ink and 
the sponge were removed and the cartridge was washed with water and ethanol and dried. The sponge was replaced 
with a Willtec ® (lllbruck Co.) sponge. The cyan ink described above was filtered with a Autovial ® 0.45 u.m membrane 
filter (Whatman, Cat. No. AV125UGMF) and the cartridge was filled with the filtered cyan ink. The top of the black 
30 cartridge was re-sealed with Permacel® tape (Permacel Company, P-252). A twenty-one step density tablet was printed 
on Receiver A at 100 % laydown using an Epson 200 printer at 360 dpi resolution. 

Light Fade Test 

35 [0036] After the highest density step of the twenty-one step tablet was measured with an X-Rite ® densitometer, the 
strip was exposed for seven days to simulated daylight by a method recommended by the Image Stability Technical 
Center for standard. 50 klux Daylight exposure (ANSI IT9.9-1990 " Stability of Color Photographic Images" Section 5 
Paragraph 5.6 Describes Simulated Indoor Indirect Daylight exposure). After seven days exposure, the optical density 
of the highest density step was re-measured. To calculate the percent optical density retained, the optical density value 

40 at ?i-max after seven days light exposure was divided by the optical density value at A,-max before light exposure and 
the resulting number was multiplied by one-hundred. The results are shown in Table 1. 

Invention Example 1 

45 [0037] This example was the same as Control Example C-1 except that after printing, the image was submerged for 
five minutes in a 4 % solution of Hardener 1 in water. The results are shown in Table 1 . 

Invention Example 2 

so [0038] This example was the same as Invention Example 1 except that the hardener was Hardener 2. The results 
are shown in Table 1 . 

invention Example 3 

55 [0039] This example was the same as Invention Example 1 except that the hardener was Hardener 3 The results 
are shown in Table 1 . 
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Invention Example 4 , 

[0040] This example was the same as Invention Example 1 except that the hardener was Hardener 4. The results 
are shown in Table 1. 



Table 1 



Hardener 


Retained Optical Density 


None (Control C-1) 


76 


1 


95 


2 


78 


3 


81 


4 


85 



[0041] The above results show that an ink jet image obtained in accordance with the invention has superior light 
stability as compared to a control element which was not treated with a hardener solution. 

Example 2 

Control Example C-2 
Preparation of Receiver B 

[0042] A 1 02 ujti poly(ethylene terephthalate) film support was coated with a subbing layer of acrylonitrile-vinylidene 
chloride-acrylic acid terpolymer latex (0.11 g/m 2 ). On top of the subbing layer was coated a solvent-absorbing layer of 
Mordant 4 (3.3 g/m 2 ), lime-processed Ossein photographic gelatin (Eastman Gelatin) (3.74g/m 2 ) and styrene-butadi- 
ene polymeric beads (0.11 g/m 2 ) having an average size of 10 pjn. Over this layer was coated an ink-receiving layer 
of Mordant 4 (0.44 g/m 2 ) and lime-processed Ossein photographic gelatin (1.76 g/m 2 ). 
[0043] Testing was same as in Example 1 but for 14 days. 

Invention Example 5 

[0044] This example was the same as Control Example 1 except that after printing, the image was submerged for 
five minutes in a 4 % solution of Hardener 5. The same light stability test and calculation method was employed as in 
Example 1. 



Table 3 



Hardener 


Retained Optical Density 


None (Control) 


59 


5 


89 



[0045] The above results show that an ink jet image obtained in accordance with the invention has superior light 
stability as compared to a control element which was not treated with a hardener solution. 



Claims 

1. An ink jet printing process for improving the light stability of an ink jet image comprising: 

a) providing an ink jet recording element comprising a support having thereon an image-recording layer com- 
prising a cross-linkable polymer of gelatin or acetoacetylated polyvinyl alcohol) and a mordant; 

b) applying liquid ink droplets of a dye on said image-recording layer in an image-wise manner, said dye being 
a water-soluble deprotonated cationic dye which is capable of being reprotonated to a cationic dye having a 
N-H group which is part of a conjugated system; and 

c) applying an aqueous solution of a multivalent inorganic salt to said image to cross-link said polymer. 
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2. The process of Claim 1 wherein solution of a multivalent inprganicsalt is applied by means of an ink jet print head. 

3. The process of Claim 1 wherein said solution of a multivalent inorganic salt is applied by submerging said element 
in said aqueous solution to cross-link said polymer. 

4. The process of Claim 1 wherein said support is paper. 

5. The process of Claim 1 wherein said cross-linkable polymer is present in an amount of from 5 to 30 g/m 2 . 

6. The process of Claim 1 wherein said mordant is a polyester dispersion in water. 

7. The process of Claim 1 wherein said mordant is present in an amount of from 0.5 to 5 g/m 2 . 

8. The process of Claim 1 wherein said liquid ink has a water carrier. 

9. The process of Claim 1 wherein multivalent inorganic salt is aluminum sulfate. 



Patentanspruche 

1. Tintenstrahldruckverfahren zur Verbesserung der Lichtstabilitat eines Tintenstrahlbildes, wobei das Verfahren fol- 
gende Schritte umfasst: 

a) Bereitstellen eines Tintenstrahl-Aufzeichnungselements, das einen Trager umfasst, auf dem eine Bildauf- 
zeichnungsschicht angeordnet ist, die ein vernetzbares Polymer von Gelatine Oder acetoacetyliertem Poly 
(vinylalkohol) und ein Beizmittel umfasst; 

b) bildweises Aufbringen flussiger Tintentropfchen eines Farbstoffs auf der Bildaufzeichnungsschicht, wobei 
der Farbstoff ein wasserloslicher, entprotonierter, kationischer Farbstoff ist, der wieder an einen kationischen 
Farbstoff mit einer N-H-Gruppe protonierbar ist, die Teil eines konjugierten Systems ist; und 

c) Aufbringen einer wassrigen Losung eines mehrwertigen anorganischen Salzes auf das Bild zur Vernetzung 
des Polymers. 

2. Tintenstrahldruckverfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Losung eines mehrwertigen 
anorganischen Salzes mithilfe eines Tintenstrahldruckkopfes aufbringbar ist. 

3. Tintenstrahldruckverfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Losung eines mehrwertigen 
anorganischen Salzes durch Eintauchen des Elements in die wassrige Losung zur Vernetzung des Polymers auf- 
bringbar ist. 

4. Tintenstrahldruckverfahren nach Anspruch 1, dadurch gekennzeichnet, dass der Trager Papier ist. 

5. Tintenstrahldruckverfahren nach Anspruch 1 , dadurch gekennzeichnet, dass das vernetzbare Polymer in einer 
Menge von 5 bis 30 g/m 2 vorhanden ist. 

6. Tintenstrahldruckverfahren nach Anspruch 1, dadurch gekennzeichnet, dass das Beizmittel eine Polyesterdi- 
spersion in Wasser ist. 

7. Tintenstrahldruckverfahren nach Anspruch 1 , dadurch gekennzeichnet, dass das Beizmittel in einer Menge von 
0,5 bis 5 g/m 2 vorhanden ist. 

8. Tintenstrahldruckverfahren nach Anspruch 1, dadurch gekennzeichnet, dass die flussige Tinte einen Wasser- 
trager umfasst. 

9. Tintenstrahldruckverfahren nach Anspruch 1, dadurch gekennzeichnet, dass das mehrwertige anorganische 
Salz Aluminiumsulfat ist. 



10 



EP 1 010 540 B1 

Revendications 

1. Procede d'impression par jet d'encre pour ameliorer la stabilite a la lumiere d'une image imprimee par jet d'encre, 
ce procede comprenant : 

a) la preparation d'un element d'enregtstrement par jet d'encre comprenant un support revetu d'une couche 
d'enregistrement d'image comprenant un polymere reticulable de gelatine ou d'alcool polyvinylique acetoa- 
cetyle et un mordant ; 

b) I'application, conformement a ['image, de gouttelettes d'encre liquide d'un colorant sur ladite couche d'en- 
registrement d'image, ledit colorant etant un colorant cationique deprotone soluble dans I'eau qui peut etre 
reprotone en un colorant cationique ayant un groupe N-H qui fait partie d'un systeme conjugue ; et 

c) ('application d'une solution aqueuse d'un sel inorganique polyvalent sur ladite image pour reticuler ledit 
polymere. 

2. Procede selon la revendication 1, dans lequel ladite solution d'un sel inorganique polyvalent est appliquee au 
moyen d'une tete d'impression par jet d'encre. 

3. Procede selon la revendication 1, dans lequel ladite solution d'un sel inorganique polyvalent est appliquee en 
immergeant ledit element dans ladite solution aqueuse pour reticuler ledit polymere. 

4. Procede selon la revendication 1 , dans lequel ledit support est un papier. 

5. Procede selon la revendication 1, dans lequel ledit polymere reticulable est present en une quantite comprise 
entre 5 et 30 g/m 2 . 

6. Procede selon la revendication 1 , dans lequel ledit mordant est une dispersion aqueuse de polyester. 

7. Procede selon la revendication 1, dans lequel ledit mordant est present en une quantite comprise entre 0,5 et 5 
g/m 2 . 

8. Procede selon la revendication 1 , dans lequel ladite encre liquide comprend un vehicule aqueux. 



9. 



Procede selon la revendication 1, dans lequel le sel inorganique polyvalent est le sulfate d'aluminium. 



